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Over the last two decades wildfire activity, damage, and management cost within the US have increased
substantially. These increases have been associated with a number of factors including climate change and fuel
accumulation due to a century of active fire suppression. The increased fire activity has occurred during a time of
significant ex-urban development of the Wildland Urban Interface (WUI) along with increased demand on water
resources originating on forested landscapes. These increased demands have put substantial pressure on federal
agencies charged with wildfire management to continue and expand the century old policy of aggressive wildfire
suppression. However, aggressive wildfire suppression is one of the major factors that drive the increased extent,
intensity, and damage associated with the small number of large wildfires that are unable to be suppressed. In this
paper we discuss the positive feedback loops that lead to demands for increasing suppression response while
simultaneously increasing wildfire risk in the future. Despite a wealth of scientific research that demonstrates the
limitations of the current management paradigm pressure to maintain the existing system are well entrenched
and driven by the existing social systems that have evolved under our current management practice. Interestingly, US
federal wildland fire policy provides considerable discretion for managers to pursue a range of management objectives;
however, societal expectations and existing management incentive structures result in policy implementation that is
straining the resilience of fire adapted ecosystems and the communities that reside in and adjacent to them.
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In the past half century, wildland fire managers in the US
has developed an increasingly sophisticated suppression
response organization, including large aircraft, smoke jum-
pers, infrared mapping, satellite detection, computer dis-
patching, fire simulation, and nationwide coordination.
Between 2011 and 2014, federal expenditures on suppress-
ing large wildfires have exceeded $1.5 each year (National
Interagency Fire Center 2014), but wildfires are becoming
larger and more expensive and damages to watersheds and
communities are still rising. Do these outcomes evince suc-
cess of a suppression-centric strategy? Are practical alterna-
tives available? In this article we review the structure of US
wildfire management organizations. Attention is given to
the incentives for agencies as well as the public. Evaluation
of incentives and consequences within the framework of* Correspondence: decalkin@fs.fed.us
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reproduction in any medium, provided the origactuarial risk assessment reveals that modern wildfire prob-
lems derive from the self-reinforcing cycle of counter-
effective actions.Historical context
Wildfire has been long recognized as an essential and
perpetuating process in the ecology of most North
American forests and rangelands (Wright 1982). In some
places today, such as the southern states fire has an ac-
cepted presence and is seen as a vital management tool
(Fowler and Konopik 2007). By contrast, the western US
contributes most of the suppression costs and damages
and policies emphasizing fire exclusion have come to be
regarded as both feasible and desirable. The evolution of
current policy is well documented by historians (see for
example Pyne 1982). Consequences of fire exclusion can
be generalized from detailed ecological research that
shows low and mid-elevation forests with relatively fre-
quent fires have become denser and spatially continuous
and support large crown fires (Hessburg et al. 2005).his is an Open Access article distributed under the terms of the Creative
mmons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
inal work is properly credited.
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landscape patterns and proportions of age and structure
(Keane et al. 2002). Grassland and shrubland ecosystems
have also experienced changes in fire regime in the past
century, with some losing diversity without fire (Brockway
et al. 2002) and some because of increased fire frequency
after invasion by exotic annual grasses that increase con-
tinuity and flammability under a wide range of weather
conditions (Knapp 1996).
Perhaps the strongest evidence of changes to fire re-
gimes in forested ecosystems caused by attempted fire ex-
clusion comes from comparisons between contemporary
management and direct accounts of management at the
close of the 19th century. The series of Annual Reports to
the Department of Interior regarding the forest reserves
from 1897–1905 offers a broad set of descriptions of for-
ests and fire activities throughout the west and depicts
startling contrasts with contemporary conditions. In
California, for example, the 257,314 acre Rim Fire in 2013
(Lydersen et al. 2014) and the 97,717 acre King fire in
2014 burned as extensive crown fires through multiple
elevation zones in the west-central portion of the Sierra
Nevada mountains. Little more than a century before,
however, Sudworth (1900) described a universal surface
fire regime in forests of the Stanislaus and Tahoe Forest
Reserves:
“The fires of the present time are peculiarly of a
surface nature, and with rare exception there is no
reason to believe that any other type of fire has
occurred here. Parts of the older forests may have had
a deep humus, which, being burned, would have
destroyed timber by deep burning at the roots. But
there being no humus at the present time, deep
burning is impossible. The tree roots are for the most
part buried deep in the crevices of bare rock, in gravel,
sand, or shale, over which surface fires run annually
without the slightest direct injury to the roots. Barring
the debris left from timbercutting, the only food for
these fires is the scanty fall of pine and fir needles,
irregular patches of low conifer seedlings, and
chaparral. In general, these materials limit the fires to
surface burning” (Sudworth 1900).
The wholesale conversion of California forests from a
surface fire regime to the modern infrequent crown fire
(Show and Kotok 1924) occurred rapidly because fires were
easily suppressed in those early fuel conditions and the high
productivity of the California environment generated bio-
mass quickly. The same trends are documented in low- and
mid-elevation forests throughout the west (Keane et al.
2002; Hessburg et al. 2005; Pechony and Shindall 2010) but
more slowly where productivity is lower (e.g. Colorado). In
California, both factors encouraged foresters to think thatfire could be excluded to grow more trees. Several decades
later, Show and Kotok (1924) recorded effects of pursuing
total fire exclusion:
“The establishment of the national forests in
California, beginning as early as 1891, thus found
forest burning an established practice. The idea that
fires could be excluded entirely from millions of acres
was generally regarded as preposterous and the most
gloomy pictures were drawn of any such attempt. It
was claimed that the uncontrollable crown fire was to
be expected as the inevitable consequence of allowing
ground cover and litter to accumulate. Thus, in the
early years of protection of the national forests, the
forests were still open as a result of the repeated fires
of the past. The great outbreak of incendiarism and
agitation for light burning did not come until later. As
fire protection became an accomplished fact and the
young growth began to fill up the open forest, the
amount of inflammable material in the forests
increased greatly.”
Even with the advantage of witnessing firsthand the fuel
and fire transformations, advocates for prescribed fire
(“light burning”) in the early 1900s had political difficulties
reversing the trend because of the primacy of timber-
management perspectives. Show and Kotok (1924) detail
considerable evidence against early attempts to reintroduce
frequent surface burning resulting in damage to timber and
killing of tree reproduction. Nowadays, forest scientists and
ecologists find these historical reports convincing evidence
that attempted “protection” paradoxically caused forest de-
struction. Protection really was not “an accomplished fact”
because wildfire could not be permanently deferred – only
changed in character when it inevitably occurred. However,
the existing incentives and organizational structure main-
tain this pattern of wildfire suppression response.
Modern context
Increasing wildfire activity, damage, and associated man-
agement cost within the US (Williams 2013) is driven by a
complex web of social and ecological factors (Spies et al.
2014). Although disturbance is a critical characteristic of
many ecological systems that have evolved with wildfire
and human communities over the past several millennia
(Stewart 2002), fire control remains the dominant man-
agement paradigm in the western US beginning in the
20th century (Pyne 1982). Now, after more than a century
of aggressive suppression the wildfire paradox (Arno and
Brown 1991) is fully realized in most western forests. Re-
duced wildfire on the landscape has led to increased fuel
loading and continuity on most forested landscapes in the
western US. Under extreme but not infrequent conditions
suppression is less successful particularly where fuels have
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2005) and impacts to natural and developed resources are
greater. Essentially, through our management efforts we
have changed the distribution of fire behavior to only the
most extreme. Public land management agencies have
responded to this increase in wildfire activity with in-
creased effort to remove wildfire from the landscape
through aggressive initial attack (IA) and extensive wildfire
suppression efforts aimed at minimizing the size of and/or
damage from those few fires that escape IA. Although IA
rates appear to be relatively stable (averaging between 97
and 99 percent successful, Calkin et al. 2005), the amount
of area burned from large fires has been increasing over
the last several decades (see Figure 1) further prompting
increased wildfire suppression effort.
A report by USDA Forest Service (2014) documents the
financial scale of wildfire management activities including
large fire suppression and associated consequences to the
Agency’s budget. Large wildfire suppression activities by US
Federal agencies have cost nearly $24 billion between 2000
and 2013 (adjusted to 2013 US$). This does not include
state and local government costs nor does it include federal
cost for pre-suppression activities (planning, equipment
and labor acquisition), wildfire initial attack, or hazardous
fuels management. The USDA Forest Service maintains the
largest federal wildfire organization representing approxi-
mately 70 percent of all federal expenditures on wildfireFigure 1 Estimates of area burned by large wildfires in the contiguous Un
≥ 405 ha in the Western US, ≥ 203 ha in the Eastern US. Estimates for 1984
Monitoring Trends in Burn Severity (MTBS) project (Eidenshink et al. 2007).
of wildfires > 405 ha included in the Fire Program Analysis Fire-Occurrencemanagement. In 1995 wildfire related expenses represented
17 percent of the US Forest Service’s appropriated funds,
by 2014, 51 percent of the appropriated funds were related
to wildfire management. This increased demand for wildfire
suppression has created a budgetary cycle where ever in-
creasing demands for wildfire suppression funding come at
the cost of other public land management programs, some
of which are intended to directly reduce future wildfire
damage. During this period of time, the Agency’s budget
has not increased commensurately with the rise in wildfire
management expenditures. Thus other major budget items
have experienced significant reduction; for example vegeta-
tion and watershed management (22 percent reduction), fa-
cilities (67 percent reduction), roads (46 percent reduction),
and deferred maintenance (95 percent reduction) (USDA
Forest Service 2014). Increasing wildfire damage to human
and ecological systems compromise public land manage-
ment agencies such as the USDA Forest Service’s ability to
maintain key ecological function and the provisioning of
ecosystem services.
Drivers of wildfire response
Although a number of recent articles have focused on the
application of active forest management of fire adapted
ecosystems to improve social and ecological conditions
(see for example Franklin et al. 2014; Spies et al. 2014) we
examine the drivers of wildfire management response andited States (CONUS), 1984–2012. A large wildfire is defined here as
–2012 (bars) are based on large perimeters mapped as part of the
An additional set of estimates for 1992–2012 (line) is based on records
Database (Short 2014).
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associated consequences. Figure 2 demonstrates primary
managerial, social, and ecological drivers of wildfire man-
agement response in both the fire season that is currently
being managed and how these factors affect the trajectory
of wildfire risk and associated management response into
the future. In this simplified framework, wildfire risk is
jointly determined by the landscape hazard and the sus-
ceptibility of values-at-risk (Finney 2005). Hazard reflects
forest and fuel conditions, and is typically quantified in
terms of the likelihood and intensity of wildfire (Scott
et al. 2013). The susceptibility of resources (e.g., habitat)
and assets (e.g., homes) is often framed as potential loss,
however for some resources fire can lead to improved eco-
logical condition (Scott et al. 2014). The critical point of
this figure is that all of the primary drivers of wildfire sup-
pression response, both within the current season and the
trajectory for future response, drive an increasing suppres-
sion response with consequences to the trajectory of fu-
ture wildfire risk and associated loss.
Wildfire risk drives managers to attempt to suppress
wildfires to reduce potential resource loss from the current
event. Economic efficiency suggests that the cost of the last
resource assigned to manage a wildfire should be equal to
the reduction in net loss from the assignment of thatFigure 2 Conceptual model of managerial, social, and ecological drivers ofresource. Although US federal wildland fire policy does not
specifically direct managers to seek economically efficient
strategies it does dictate that the cost of the management
response should be commensurate with values to be pro-
tected (Interagency Working Group 2001). Despite guid-
ance on the application of economic principles to wildfire
management there are many reasons to believe that current
suppression response is excessively risk averse. Specifically,
the loss of value to resources due to wildfire may be less
than the cost of the suppression response developed to pro-
tect those values. In a choice survey of federal wildfire man-
agers Calkin et al. (2013) demonstrated that, all else equal,
mangers were more likely to select wildfire suppression
strategies with higher suppression costs after accounting
for potential risk to homes, ecological values, and firefighter
exposure.
Wildfire management response that promotes in-
creased application of wildfire may be hindered by soci-
etal expectations of the suppression only orientation of
past management practices (Steelman and McCaffrey
2013). Socio-political influence from politicians, land-
owners and the affected public on fire managers
increases the level and cost of suppression response
(Canton-Thompson et al. 2008). For example Donovan
et al. (2011) demonstrated that per area cost ofnear-term and future wildfire management response.
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seniority of the congressional representative of the dis-
trict in which the fire occurred and the amount of media
coverage. In addition to the positive socio-political in-
fluence on the level of suppression response, the exist-
ing incentive structure and budget process provides
only weak feedback in terms of internalizing the impact
of wildfire suppression spending on decision makers
charged with managing wildland fires (Donovan and
Brown 2005; Thompson et al. 2013).
Further, federal fire managers exhibit decision biases
and heuristics that are common to environments charac-
terized by significant complexity and uncertainty, which
can lead to suboptimal decisions and outcomes (Thompson
2014). When selecting strategies, fire managers have dis-
played the discounting bias (overemphasizing short-term
risk reduction over longer-term considerations), the status
quo bias (reverting to suppressing all fires relative to
allowing fires to burn for ecological considerations), and
the loss aversion bias (preferring safe options when
consequences are framed as potential gains) (Wilson et al.
2011). Fire managers can also exhibit systematic errors in
estimating and interpreting probabilistic information (such
as underestimating likely outcomes while overestimating
rare events), which can lead to poor risk management
(Donovan and Noordijk 2005; Maguire and Albright 2005;
Wibbenmeyer et al. 2013). Knowledge gaps and limited
understanding of the socioeconomic and ecological conse-
quences of fire engender further uncertainty when evaluat-
ing alternative courses of action (Thompson and Calkin
2011; Venn and Calkin 2011; Hyde et al. 2013) which may
lead to managers pursuing aggressive suppression strategies
under conditions with low levels of risk to valued assets
(Wibbenmeyer et al. 2013).
Budgetary implications of spending on wildfire suppres-
sion have both immediate and long term negative conse-
quences. Over recent years, spending on current wildfire
seasons have frequently resulted in transferring budget
away from other land management activities including
those that could reduce landscape hazard such as fuel re-
duction treatments. However, it has become increasingly
clear that the impact of increasing fire management costs
on non-fire related expenditures may have more signifi-
cant long term implications to the agencies’ ability to meet
their land management objectives than issues associated
with in season fund transfers (USDA Forest Service 2014).
In 2014 there has been an active effort within the US Con-
gress and Obama administration to fund a portion of
wildfire management expenditures similar to current nat-
ural disaster funding under the Federal Emergency Man-
agement Agency. By funding wildfire suppression for large
wildland fires under such an approach the uncertainty as-
sociated with changes in annual fire expenditures due to
different levels of fire activity and the downward fundingtrends on non-fire programs would be simultaneously
addressed.
Under certain conditions wildland fire can promote sig-
nificant ecological benefits and reduce the risk that high in-
tensity fires will spread to areas of high value into the future
(Noss et al. 2006). Although there is broad scientific consen-
sus regarding the need for more fire on the landscape, al-
most all fire management entities within western states
require and promote aggressive suppression of all wildfires.
Within federal land management agencies knowledge and
experience allowing wildfires to burn for beneficial effects
has been growing over time and is established within the
land management objectives of the different federal agencies.
The published 2009 interpretation of US Federal Wildfire
Policy (Fire Executive Council 2009) expanded the oppor-
tunity of managers to better consider beneficial aspects of
wildfire when determining fire management strategies.
However, achieving increased beneficial wildfire opportun-
ities in practice has been far more challenging. Existing land
and fire management plans have not sufficiently considered
the role of existing beneficial use on future fire management
opportunities (Doan et al. 2006; Calkin et al. 2011) and man-
agers are subject to a status quo bias that makes them reluc-
tant to select beneficial use strategies when full suppression
has been previously established (Wilson et al. 2011). Despite
increased scientific recognition of the need to allow wildfire
in fire adapted ecosystems to burn for resource benefit and
examples of successful wildland fire use programs suppres-
sion persists as the dominant fire management strategy.
Landscape hazard & value susceptibility
Concurrent with the increased wildfire activity has been a
substantial increase in residential development within the
Wildland Urban Interface (WUI) (Theobald and Romme
2007). Despite the vigorous fire suppression near human
communities (Gebert et al. 2007; Liang et al. 2008; Gude
et al. 2013) the number of homes destroyed by wildfire con-
tinues on an upward trend. Wildfire-related insured losses
in the United States in the 10 year span of 2002 to 2011 to-
taled $7.9 billion (US). This represents a $6.2 billion in-
crease over the previous decade (Haldane 2013). Although
wildfire risk reduction near the WUI has been targeted by
public land management agencies, failure to consider the
conditions under which loss occurs may limit the effective-
ness of these investments in reducing residential property
loss (Calkin et al. 2014). Further, certain landscape condi-
tions and fire regimes are more amenable to fuel treatments
and community capacity and institutional factors have a
strong influence on social acceptability (Spies et al. 2014)
and capacity to act thus requiring context specific risk re-
duction strategies (Moritz et al. 2014).
A primary tool for land managers to address increasing
landscape hazard is hazardous fuels reduction treatments.
Within the federal fuel treatment programs a majority of
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However, it has been well demonstrated that residential
home destruction is primarily determined by the immedi-
ate surrounding (30–60 m) of the home, known as the
home ignition zone (HIZ) (Cohen 2000, 2010). The HIZ
principally determines home ignition potential during ex-
treme wildland fire behavior and includes the home con-
struction characteristics and its immediate surroundings,
in most case largely on private land. Focusing solely on
wildland vegetation without consideration and mitigation
of HIZs furthers the illusion of WUI protection without
homeowner engagement. Prioritizing public investments
on fuel reduction efforts and wildfire suppression in and
around the WUI reduces the true cost of housing location
decisions thus incentivizing development in high wildfire
hazard areas and need for increased future investment
(Cleetus and Mulik 2014). Significant progress has been
made in the development of community based wildfire
protection plans however, land use zoning restrictions and
requirements to reduce structure ignitability remain con-
tentious issues (Jakes et al. 2011).
Beyond the increasing risk to human development, the
increasing population within the western US drives in-
creased demand for municipal water. In the western US,
half of all water originates on lands administered by the
US Forest Service (Brown et al. 2008). Severe wildfires
can result in significant and costly impacts to municipal
watersheds, ranging from increased sedimentation to in-
creased likelihood of debris flows to damage of water de-
livery infrastructure and interruption of service,
prompting additional interest in risk mitigation options
(Warziniack and Thompson 2013; Tillery et al. 2014).
Prescribed fire has been well recognized within the sci-
entific literature (Hann and Bunnell 2001; Graham et al.
2004; Martinson and Omi 2013) as a fuel modification
and restoration technique that is highly effective at miti-
gating wildfire behavior. Hann and Bunnell (2001) pro-
posed that fire and land management planning focus fuel
treatment efforts on reducing the current level of depart-
ure of forested lands from their historical fire regime to
address increasing wildfire concerns within the United
States. Although challenges emerged to define and man-
age towards departure many of the original concepts are
present in the current emphasis on restoring the condition
of dry frequent fire pine forests in the western US. There
is general scientific agreement that fuel loading and stand
density have reduced the resilience of these forests by
making them more susceptible to wildfire and insect and
disease outbreaks (Allen et al. 2002; Hessburg et al. 2005;
Noss et al. 2006). In general society has a preference for ac-
tive management to address wildfire risk and degrading
ecological conditions of fire adapted forests (McCaffrey
et al. 2012). However, societal factors such as inadequate
funding, conflicts among objectives and priority of resourcevalues as well as limited public understanding have created
significant delay in the implementation of these programs to
restore forest resilience to fire (Franklin et al. 2014; Rideout
et al. 2014). Additionally, the current scale of fuel treatment
is far less than required to achieve landscape resilience
(North et al. 2012). Along with societal barriers, conflicting
priorities within land management plans and mandates
within environmental regulations such as the Clean Air Act
and the Endangered Species Act limit the ability to achieve
substantial reduction of wildfire hazard (Calkin et al. 2011).
Future fires and maladapation to risk
Pyne (2011) summarizes the condition of fire management
in the US as follows: “What is striking about the American
style of fire is how technically robust it is, and how politic-
ally dysfunctional and inept in practice so much of it has
become.” In the face of the increasing wildfire risk and
highly damaging events, political responses have typically
focused on increasing the suppression response (Busenberg
2004). Wildfire suppression without a commensurate pro-
gram to address the fuel accumulation resulting from the
aggressive suppression policy represents a major policy
error in federal fire management (Busenberg 2004). This
policy error was propagated with mounting impacts as fed-
eral land management agencies acquired new resources
and influence to reinforce the established institutional wild-
fire management approach of aggressive suppression. This
self-reinforcing action has caused the impacts of the ori-
ginal policy failure to gradually escalate over time. The self-
reinforcing nature of aggressive suppression response is not
unique to wildfire management in the US and has been
demonstrated using a system dynamics modelling approach
to wildfire management in Portugal (Collins et al. 2013).
Further the authors identified three primary reasons why
transformation of this self-reinforcing and costly behavior is
unlikely to occur organically due to 1) managerial incentive
structures focusing on short term results, 2) challenges to
identifying when mitigation resulted in damages averted
and the inability to take credit, and 3) the financial interests
of established firefighting organization in maintaining
current policy. Spies et al. (2014) argued that challenges
such as heterogeneity in wildfire behavior and effects, hu-
man behavior and values and weak landscape feedbacks to
humans create a highly complex system that may lead to
maladaptive behavior and unintended consequences of fire
policy.
State agencies charged with wildfire management typically
have less flexibility in their suppression policy. With few ex-
ceptions most western state agencies are directed to sup-
press wildfires at the smallest size feasible. Further, as many
of the states have experienced highly damaging events the
typical response has been to increase the pre-established
emphasis on aggressive suppression of all wildfires. For ex-
ample, the state of Colorado experienced several highly
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Fire of 2011 (169 homes destroyed, zero fatalities), High
Park Fire (259 homes destroyed, one fatality), Waldo Can-
yon Fire of 2012 (346 homes destroyed, zero fatalities), and
the Black Forest Fire of 2013 (486 homes destroyed, two fa-
talities). Additionally, the Lower North Fork Fire in 2012, an
escaped prescribed fire conducted by the Colorado State
Forest Service, burned 23 homes and killed three people. In
a response to this event responsibility for wildfire manage-
ment was moved from the Colorado State Forest Service to
the Department of Public Safety. Additionally, the state has
implemented new restrictions and additional requirements
for the application of prescribed burning and approved a bill
to fund a fleet of state owned aerial wildfire suppression re-
sources. The intent of the investment in aerial resources was
stated as follows: “Keep all wildfires with values at risk
smaller than 100 acres and to suppress all fires in Wildland
Urban Interface (WUI) areas at less than ten acres, 98% of
the time.” (Colorado Department of Fire Prevention and
Control 2014). This demonstrates an instance when a wild-
fire agency defines target conditions of preparedness and
capability below the large fire-disaster levels. Highly dam-
aging wildfires such as the Waldo Canyon, Fourmile, and
Black Forest Fires occur during the 2 percent of events
where suppression is not effective (Calkin et al. 2014).
Breaking the cycle
Policies and actions to reduce the cycle of ever increasing
wildfire suppression effort, management costs, and resource
losses will be challenging to implement. Inertia of the exist-
ing social systems habituated by the current management
paradigm is entrenched in social expectations and agencies’
cultures. Significantly reducing fuel loading associated with
the current condition of the forested landscape through ac-
tive management would require huge capital investment
and conflict with other existing environment regulations.
The 2009 Interpretation of Federal Wildfire Policy opened
up opportunities to manage wildfires for resource benefit
within the wildfire suppression program. However, in re-
cent years managing fires by allowing them to burn under
certain conditions to achieve resource benefit has proved
challenging (Hubbard 2012).
Concepts of system resilience may provide an interest-
ing lens to examine current challenges in wildfire manage-
ment. Resilience thinking extends previous efforts for
sustainable resource management such as ecosystem ana-
lysis and adaptive management by further emphasizing
the critical linkages between social and ecological systems
(Rist and Moen 2013). Resilience can be defined as “the
capacity of a system to absorb disturbance, re-organize,
and keep functioning in much the same way as before”
(Walker 2013). Managing towards resilience can be char-
acterized as actions that maintain a desirable state or
transform existing structure to achieve a more desirablestate (Walker et al. 2006). Resilience by itself at one spatial
and temporal scale does not imply that a system is in a
beneficial state. Many types of ecological or social systems
may be highly resilient, but result in reduced ecological
condition or social wellbeing. For example cheat grass in-
vaded ecosystems in the Western US are highly resilient
to disturbance. Thus, resilience requires looking at sys-
tems at different scales – achieving resilience at one level
may require transformation at other levels (Walker 2013).
The current wildfire management policy in the US has
slowly evolved over the last century but has been relatively
consistent; aggressively suppress all wildland fires. Altering
the trajectory of risk will require system transformation.
There are several possible trajectories for the future of
wildfire management. As describe earlier, maintaining the
status-quo has obvious implications in terms of increasing
wildfire risk, increased damage and loss due to wildfire,
along with significant consequences to the structure and
functioning of public land agencies and their ability to
meet their core missions. Alternatively, wildfire manage-
ment could be driven to transform by the public demand-
ing an alternative wildfire management approach and/or
by transformative actions initiated within federal agencies
themselves.
Transformation is frequently initiated by a series of
highly salient events that create a dramatic shift in pub-
lic expectations and demands from existing social struc-
tures. The scale of event that would lead to US society
demanding a transformation of current wildfire policy
remains unknown. O’Neill and Handmer (2012) suggest
that the Black Saturday events in Victoria and New
South Wales Australi, where 172 civilians were killed
represent such a transformative event. The significant
media and public attention caused by the scale of loss of
life resulted in a critical examination of bushfire man-
agement in general and more specifically the implication
of the Stay and Defend Policy and prescribed fire pro-
gram. Despite the increased political and media focus as-
sociated with the events of Black Saturday, there is some
concern that homeowner response to wildfire may not
have changed and that existing public behavior has not
transformed in light of these events. Specifically, ap-
proximately one-third of respondents to a survey tar-
geted at Australian households at risk from bushfire just
one year after the Black Saturday fires was to wait and
see what happens during the fire, but leave if threatened
by the fire (Rhodes 2011). Essentially this represents a
strategy of evacuating late which is in complete contrast
to the stated policy in Australia. Thus, it is probably too
early to determine if in fact the Black Saturday events
result in a transformation of Australian fire management
policy and implementation.
Systems can adaptively transform in ways that allow the
system to better handle changing conditions, stress, hazards,
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2006). Such an adaptive transformation would require a
range of alternative approaches to be pursued including in-
creased levels and improved efficiency of fuel reduction
treatments, alternative management structures that encour-
age less aggressive suppression strategies that incur broader
ecological outcomes and reduce future wildfire hazard, im-
proved risk sharing among public land managers and inter-
face communities through more fire resistant structure
design, modified fuel conditions adjacent to communities,
and zoning restrictions of further development within the
most fire prone areas (Cleetus and Mulik 2014).
If wildfire suppression funding was handled under a dis-
aster relief funding mechanism, continued stress on fuel
reduction funding and other active management that may
reduce wildfire risk could be alleviated. However, unless
the scale of fuels funding were dramatically increased
along with relief from conflicting environmental regula-
tions it is unlikely that the scale of fuel modification will
be accelerated to reduce the wildfire hazard in the short
term. Therefore, although it does not appear that fuels
treatments activities could replace wildfire in achieving
ecological resilience of forested ecosystems in the western
US, they will likely play a critical role in positive adaptive
management response. Recognizing this reality, Reinhardt
et al. (2008) identified the importance of fuel treatment in
creating landscapes where fire can occur without devastat-
ing consequences; recognizing that we cannot, nor should
not expect fuel treatment programs to replace naturally
occurring wildfire. Achieving this objective requires focus-
ing treatments such that, in the event of a wildfire, spread
and intensity is such that significant loss to highly valued
resources is minimized.
Reduced fuel loading and improved forest health is a ne-
cessary but not sufficient condition for reducing wildfire
risk. The range of ecosystem conditions, fire regimes and
land uses suggests a one size fits all approach to wildfire
and fuels management is neither desirable nor feasible
(Keeley et al. 2009). In many communities fuels reduction
activities may be quite challenging due to a range of factors
such as rapid regrowth, high management cost, and com-
plex ownership patterns. Further in some areas such as
lodgepole pine forests in the interior west, the natural fire
regime is infrequent high intensity fire and reasonable fuels
reduction treatments are limited. Under these circum-
stances reducing the susceptibility of highly valued re-
sources to wildfire may be more appropriate. As Dombeck
et al. (2004) state, “communities need to shoulder greater
responsibility for regulating sprawl and for encouraging
proactive efforts by homeowners to reduce the risk of home
ignition during wildfire.”
Within the Southeastern US a culture of aggressive
prescribed fire has developed gradually over the past
50 years with the reduction of fire hazard as the primarymanagement objective across ownerships (Fowler and
Konopik 2007). By maintaining fuel conditions through
regular burning and the development of a community of
practitioners forest lands are generally maintained in a
condition of relatively low hazard with management cost
far less on a unit basis than equivalent treatments in the
Western US. For example, National Forest land in the
southeastern US (US Forest Service Region 8) represents
only 10 percent of the total Forest Service land base, but
between 2007 and 2012 the region accounted for almost
70 percent of the Agency’s prescribed burned area while
accounting for only 6 percent of large fire suppression
costs (USDA Forest Service internal reports).
By allowing naturally ignited wildfires to burn to achieve
resource benefit (formerly known as wildland fire use),
fuel conditions may be improved thus reducing wildfire
risk in adjacent areas. The reduced wildfire risk may fur-
ther increase the area and weather conditions where wild-
fires need not be aggressively suppressed. In several
wilderness areas throughout the Western US, such as the
Selway-Bitteroot and Bob Marshall Wilderness Areas in
Montana, and the Gila Wilderness in New Mexico, once
reduced fuel loading and barriers to fire spread associated
with past fire scars have been achieved, wildfire can play a
role in maintaining these landscapes (Teske et al. 2012;
Parks et al. 2014). Despite the critical role past fire scars
have played in the suppression of large fires (Graham
2003; Cochrane et al. 2012), extensive application of the
use of naturally ignited wildfires has not yet been well
demonstrated outside large wilderness areas. Recognition
that fire exclusion is neither desirable nor possible in
many regions of the country is an essential (Moritz et al.
2014) and will be a critical component of any effort to
transform wildfire management.
Conclusions
Examination of ecological and human community resili-
ence in fire adapted ecosystems suggests a social
ecological system that is under considerable stress. In-
creasing wildfire hazard due to fuel accumulation and
climate related stressors and increasing vulnerability of
developed residential communities and natural resource
values suggest a future of increasing risk and manage-
ment cost unless the current management paradigm is
transformed. For transformation to succeed it will re-
quire increased recognition of the consequences associ-
ated with the current paradigm, social acceptance of
alternative fire management strategies, and alteration of
the culture of public agencies charged with wildfire sup-
pression. Specifically actions include: 1) enhanced risk
sharing among affected partners; 2) modification of
managerial incentive structures and enhanced training;
3) land management treatments that directly address
local risk factors and align with broad risk reduction
Calkin et al. Forest Ecosystems  (2015) 2:9 Page 9 of 10strategies; 4) reduction of the uncertainty around
outcomes from less aggressive suppression response
through improved decision support; and 5) enhanced
consideration of long term impacts of current decisions
(visioning).
Fortunately, just like the current wildfire suppression
paradox, many of the necessary changes are themselves
self-reinforcing. The self-reinforcing nature of the use of
fire to achieve land management objectives has been well
demonstrated on selected public lands (Parks et al. 2014)
and the Southeastern US has effectively used prescribed
burning to lower wildfire risk and mitigation costs.
A one size fits all approach to reducing wildfire risk does
not exist. Each high risk landscape will require a suite of ac-
tions to modify the trajectory of increasing suppression de-
mand and loss. For society to demand transformation of
the current wildfire management paradigm some sort of
tipping point event may need to occur. However, adaptive
transformation where public agencies working alongside
private citizens challenge the supremacy of the existing
wildfire suppression model in favor of long term economic-
ally efficient risk mitigation strategies is possible.
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